Hydrofluoric acid has been used as a novel stripping agent for molybdenum (VI) after its extraction with Cyanex 301. In the extraction steps effects of parameters such as type and initial concentration of acid, type of diluent, extractant concentration, metal concentration and temperature have been studied. In the stripping step, the effects of various stripping agents on stripping efficiency have been investigated. Also, the effects of concentration of hydrofluoric acid, stripping time, volume of hydrofluoric acid and numbers of stages of stripping have been studied. Molybdenum (VI) has been effectively separated from a large number of elements in binary mixtures with very high tolerance limits. Finally, the optimized method has been extended to the analysis of Mo (VI) in spent molybdenum catalysts.
Mo is the parent of 99m Tc which is extensively used in nuclear medicine. High specific activity 99 Mo is prepared by the neutron irradiation of 235 U followed by an appropriate physical or chemical extraction step in which the radio-molybdenum is separated from the irradiated uranium matrix. Methods of molybdenum separation include solvent extraction, sublimation, chemical precipitation and chromatography [1] . In this research we have tried some non-radioactive experiments based on solvent extraction of molybdenum (VI). Many investigations have so far been made on the solvent extraction of molybdenum (VI) from aqueous media containing sulfuric acid [2] [3] [4] [5] [6] [7] [8] , hydrochloric acid [9] [10] [11] , nitric acid [12] [13] [14] [15] and with different extractants such as crown ethers [16] , -benzoinoxime [17] [18] , organophosphate or organophosphoric acids [3, 11, 19] , especially di (2-ethylhexyl) phosphoric acid [4, 12] . Recently, some organophosphines and their sulfur analogues, have been reported due to their considerable resistance to decomposition by hydrolysis [20] , as compared to their phosphoro analogues. Radiolytical stability of Cyanex 301 (one of the organodithiophosphines) and its purified form has been studied [21] . In this paper, we present the extraction behavior of molybdenum(VI) in a wide range of acid concentration (10 -6 -10 M) in *email: Saberyan@aeoi.org.ir sulfuric, hydrochloric and nitric acids. To the best of our knowledge, there is no previous report on stripping of Mo(VI) with HF. In this paper, we propose a simple method for extractive separation of molybdenum(VI) using Cyanex 301 and HF as extractant and stripping agent respectively.
2-Experimental

2-1 Materials and Reagents
In the present reasarch kerosene and the sample of Cyanex 301 containing 85% of bis (2, 4, 4-trimethylpentyl) dithiophosphinic acid (Fluka) are used. Cyanex 301 concentrations mentioned throughout the text are actuallydithiophosphinic acid. Kerosene was used as the diluent throughout this work except in diluent effect experiments. All other chemicals including solvents were of analytical grade (Merck). Doubly distilled and deionized water was used throughout the study.
2-2 Experimental procedure
Batch experiments were performed in a 10 ml flask containing equal volumes of aqueous and organic phases. The mixture was agitated at 25C, (except in temperature effect experiments), by a temperature controlled mechanical shaker at 300 rpm with 1 accuracy. Molybdenum was determined in the
aqueous phase by ICP-AES (Varian, Liberty 150 AX Turbo). Chemical composition of the organic phase was determined using mass balance calculations. Shaking time those of bis (2, 4, 4-trimethylpentyl) for extraction and stripping processes were 20 minutes and one hour respectively.
3-Results and discussion
3-1 Effect of the type and initial concentration of acid
The extraction behavior of molybdenum (VI) from 10 -6 to 10 -1 M solutions of sulfuric, hydrochloric and nitric acids using different concentrations of Cyanex 301 is shown in 
3-2 Effect of diluent type
The organic phase diluent can influence the extraction of metals due to both physical and chemical interactions existing between diluent and extractant. The diluent can also affect the economics of a process, thus the suitability of the various diluents for the extraction of Mo(VI) by the proposed method was tested. It was found that the extraction was quantitative with all the chosen diluents. Selection of diluents is also dependent on other parameters such as availability and/or cost. The results obtained and the conditions of extraction are shown in Table 1 .
3-3 Effect of extractant concentration
To study the effect of extractant concentration, molybdenum(VI) was extracted Table 2 . The log-log plots of distribution ratio versus Cyanex 301 concentrations in1 M nitric acid gave a slope of 2.3, indicating that the metal to Cyanex 301 ratio in the extracted species is 1:2. Hence, the composition of the extracted species is probably MoO2R2.
3-4 Effect of varying metal ion concentration
The effect of metal ion concentration on the extraction of Mo(VI) was investigated from 1 M HNO3 solution employing 0.06 M Cyanex 301 in kerosene. The results of loading of Cyanex 301 by molybdenum(VI) show that the extraction is quantitative up to 5×10 -3 M molybdenum(VI). The results obtained are shown in Table 3 .
3-5 Effect of temperature
A temperature variation study (25 to 55 o C) was carried out on the extraction of molybdenum(VI) at constant acid and Cyanex301 concentrations. It can be seen from Table 4 that the temperature has no significant effect on the extraction efficiency, and hence, it is of no importance at what temperature the extraction is carried out.
3-6 Effect of stripping reagents
Various stripping agents were used in this study. The results Obtained from these experiments are shown in Table 5 and Fig. 4 . As can be seen, the results are not very encouraging. Hence further attempts were made to find a novel and effective stripping agent for stripping of Mo(VI). A concentrated HF solution (24.2 M) was found to strip approximately eighty percent of Mo(VI) in a single contact. The results are shown in Table6. Stripping with ammonia solution (1 to 10 M) and a mixture of ammonium nitrate and ammonia (1 to 10 % NH4NO3 in 1:10 NH4OH) resulted in an emulsion or third phase formation. For expelling HF from stripping solution, 2 ml HClO4 (71%) was added to the solution and heated at 90ºC by successive addition of distilled water. Then the solution was made up to 10 ml volume. The above procedure was followed whereever necessary. 
3-7 Effect of NaOH and rate of stripping on stripping efficiency
The effect of NaOH and rate of stripping on molybdenum is shown in table 7. In this experiment, prior to stripping of molybdenum (VI), the organic phase was neutralized with 1 ml of 1 N NaOH (except solutions No.4 and 8).
Results show NaOH has an unexpected and an unfavorable effect on the stripping. It is to be expected that free Cyanex 301 in organic phase is neutralized by NaOH and stripping is accomplished easier than before. This table shows that stripping efficiency decreases with increasing stripping time.
3-8 Separation of molybdenum(VI) from binary mixtures
To an aliquot containing a fixed amount of molybdenum (10 -4 M), varying amounts of ions were added to study their interference in the recommended procedure. The tolerance limit was set at the amount of foreign ions required to cause a ±5 percentage error in the recovery of molybdenum(VI). The results are reported in Table 8 . in this study, transition metals show low tolerance limits compared to other metals. It has to be noted here that Tolerance limits for alkali and alkaline earth metals increases from top to bottom of each group. The organic acid anions were tolerated in lower concentrations compared to inorganic acid anions.
3-9 Recovery of molybdenum(VI) from spent Mo-Co and Mo-Ni catalysts
0.2 gr of the spent catalysts was digested and dissolved. Prior to subjecting the solutions to solvent extraction step, the digested solutions of spent catalysts were diluted forty(A1) and twenty(B1) times keeping the acid concentration to 1 M HNO3. 10 ml aliquots of the solutions A1 and B1 were separately equilibrated with 10 ml of 0.1 M Cyanex 301. The raffinate of these solutions were marked as A2 and B2. Molybdenum(VI) was subsequently stripped by employing HF (24.2M). The Mo(VI) solutions recovered from the organic phase were marked as A3 and B3. The results of analysis are shown in table 9.
4-Conclusions
A novel stripping agent for stripping of Mo(VI) from organic phase is reported in this study. The results reported here show that the extraction efficiency of molybdenum(VI) is dependent on the type and concentration of aqueous phase acid, extractant concentration and metal ion concentration but it is independent on the diluent type and temperature. Molybdenum(VI) can be extracted in the presence of a large number of ions with high tolerance limits, and finally Cyanex 301 is an excellent extractant for molybdenum(VI). 
